of an environmentally stable infectious elementary body and a larger dividing infectious reticulate body. The family Chlamydiaceae was recently reclassified into 2 genera and 9 species on the basis of sequence analysis of its 16S and 23S ribosomal RNA genes. 7 The 2 new genera, Chlamydia and Chlamydophila, correlate with the former species Chlamydia trachomatis and Chlamydophila psittaci. The genus Chlamydia includes C. trachomatis (human), C. suis (swine), and Chlamydial strains have been isolated from a wide range of mammalian and avian hosts. A limited number of the mammalian and avian isolates have been serotyped using polyclonal sera or panels of monoclonal antibodies (MAbs). In an earlier study, 34 American avian isolates were divided into 4 distinct serovars using a panel of serovar-specific MAbs. 2 The same panel of MAbs has been used to serotype European isolates. 6, 10 These results have shown that similar serovars are present in both America and Europe and that certain orders of birds are more susceptible to specific serovars. Since then, additional serovars have been identified and MAbs to them have been added to the panel.
In this study, 150 US isolates of C. psittaci from domestic and wild birds were serotyped using a panel of 14 serovarspecific MAbs representing 8 mammalian and 6 avian isolates. This serotyping was performed using the microimmunofluorescence test (MIFT), which gives a clear all-ornone reaction at the proper dilutions.
A total of 150 avian isolates were obtained from various diagnostic laboratories or during investigations of outbreaks. To obtain adequate numbers of chlamydiae for the MIFT, all isolates were passaged in confluent Vero cell culture monolayers grown in 96-well plates. The cell culture medium, along with the disrupted cell monolayer from 2 wells, was centrifuged to pellet the chlamydiae. The pellet was resuspended in 200 l of phosphate-buffered saline (PBS, pH 7.2) containing 0.02% formalin and thoroughly mixed with a vortex mixer. The antigen for the MIFT was prepared by mixing 60 l of antigen, 30 l of normal egg yolk sac suspension (10% yolk sac in PBS), and 30 l of PBS.
The MIFT was performed essentially as described by Wang and Grayston. 11 In brief, 0.4 l of the antigen was spotted on a standard microscope slide using a pattern of 4 rows with 7 spots each. The spots were spaced approximately 5 mm apart to facilitate staining and microscopic observation. The slides were air dried for 30 minutes and fixed with acetone at room temperature for 10 minutes. Each spot was covered with 2 l of the appropriate MAb. The first column of 4 spots on each slide was routinely treated with a group-reactive MAb to serve as a positive control. Each of the remaining 6 columns was either treated as a negative control or used for testing 4 dilutions (1:100, 1: 400, 1:1,600, and 1:6,400) of a serovar-specific MAb. The slides were incubated for 30 minutes in a humidified chamber at 37ЊC, then carefully washed 3 times with PBS (pH 7.2) and 3 times with distilled water before being air dried. The slides were then stained with 3 l of fluorescein isothiocyanate-labeled anti-mouse immunoglobulin G (heavyand light-chain specific) conjugate at a dilution of 1:30 in PBS containing 0.05% Evans blue. The slides were incubated and washed as before and read using a fluorescent microscope.
The MAbs used in this study were produced and characterized as described previously. 1, 2 The MAbs and their serovar specificities are given in Table 1 . An isolate was identified as a particular serovar if reactions were observed at 1: 1,600 to 1:6,400 with 1 MAb and no reaction at a 1:100 dilution with the remaining serovar-specific MAbs. Isolates that reacted with the group-reactive MAb, but not with a serovar-specific MAb, were presumed to be a member of a currently undefined serovar.
The results of the MIFT are given in Table 2 : 147 of the isolates could be serotyped using the panel of serovar-specific MAbs. None of the avian isolates reacted with any of the MAbs to the mammalian strains. None of the isolates reacted to more than 1 serovar-specific MAb, indicating none of the isolates were from a mixed infection. The 3 Falconiformes isolates were from red-tailed hawks that had died during an outbreak in California. These isolates reacted with the group-reactive MAb but not with any of the serovar- Psittaciformes  96  93  1  1  1  Columbiformes  14  11  3  Passeriformes  2  1  1  Galliformes  16  2  3  1  9  1  Strunthioniformes  12  12  Falconiformes  3  3  Unknown  7  7  Totals  150  103  16  1  10  16  1  3 specific MAbs and were thus considered to represent a new serotype. Serovar A was the most commonly identified serovar, accounting for 103 of the 150 isolates. Of these, 93 were from known psittacines, including parrots, cockatiels, love birds, and parakeets. Another 7 of the serovar A isolates were from birds labeled only as avian or pet birds and were also likely of psittacine origin. The remaining 3 serovar A isolates included 2 from turkeys and 1 from a canary.
The Struthioniformes isolates were from 12 ratites that died from chlamydiosis. They were collected over a 2-year period in the southwestern United States (Texas to California). All the ratite isolates were serovar E, the same serovar as 20% of the pigeons. Columbiformes (or pigeons and doves) accounted for 14 isolates. Of these, 79% or 11, were serovar B and 21%, or 3, were serovar E. The Galliformes isolates were primarily from outbreaks in turkeys, with serovar D the most common isolate (56%). Serovar D was usually isolated from outbreaks with mortalities of 25% or higher or in which human cases were reported. The other turkey isolates, represented by serovars A, B, and C, were usually from outbreaks with mortality of less than 5%.
The MIFT, used with a panel of serovar-specific MAbs, provides a rapid and reliable method for serotyping avian C. psittaci isolates. 3, 2 The MIFT can be performed easily and rapidly, using small quantities of reagents and of crude antigen. The use of the group-reactive MAb with the serovarspecific MAbs provides both the confirmation of the isolate as Chlamydia and the identification of the specific serovar.
The relationship of chlamydial strains with hosts is important in evaluating disease prognosis, disease control, and epidemiology. Some serovars, such as serovar E in ratites or serovar D in psittacine birds, are often fatal; others such as serovar A usually cause only mild disease in psittacine birds in the absence of stress. 3 However, serovar A in psittacine birds often causes chronic long-term infections with periodic shedding.
The serovar-specific MAbs used in this study represented the 6 known serovars occurring in birds and 8 known mammalian serovars. 3, 7 The 150 isolates tested were from individual case submissions to diagnostic laboratories throughout the United States or from outbreaks. Results demonstrated a serovar-host correlation. Most serovar A isolates were recovered from psittacine birds, whereas the predominant serovar in pigeons and doves (Columbiformes birds) was serovar B. The relationship of serovar D with turkeys is not as straightforward: 56% of the turkey isolates were serovar D, and the remaining isolates were distributed among the other serovars. However, it should be noted that the major disease outbreaks of the 1970s and 1980s are known to be caused by serovar D 2 and that recent isolates from turkeys in Europe are also of this serovar. 10 Serovar E is of interest because it was the only serovar recovered from ratites, all of which died from chlamydiosis during a 2-year period in the southwestern United States (Texas to California). 4 Ratites are not the natural host of this serovar, as it has been in the United States for at least 60 years (before the introduction of ratites). The first known isolate of this serovar was MN (also called Cal 10 and MP) from humans in California in 1934. 2 The natural host of this serovar may be the pigeon because about 20% of the pigeon isolates are serovar E. Both the human and the ratite cases could be the result of contact with pigeons. This evidently represents a case of high virulence of a particular serovar in a specific group of birds.
The relationship of strain-host pairs with disease pathogenesis is more difficult to determine. Research literature is limited and field data often lack conclusive strain identification. Existing data show that disease severity depends on the serovar for some hosts. 5, 8, 9, 12 For example, a number of the turkey isolates included in this study were from outbreaks in the 1960s and 1970s. Those outbreaks in which mortalities of over 10% were observed or in which human infections were noted were almost exclusively of serovar D. 5, 2 To examine this relationship, we have infected both turkeys and cockatiels with serovar A (VS1), serovar D (TT3), and an ovine abortion strain (B577). 9 In turkeys, serovar D produced a severe clinical disease involving primarily the pericardium, whereas serovar A produced a milder bronchopneumonia with little pericardial involvement. In cockatiels, serovar D was always fatal and serovar A produced a mild long-term infection that was easily reactivated with immunosuppressant drugs even 70 days after infection. The ovine abortion strain had little or no effect in either turkeys or cockatiels and was rarely isolated after the first day. 9 This study extended and clarified Page's work using earlier chlamydial isolates through the identification of hostserovar relationships and their association with disease syndromes. 8 The red-tailed hawk isolates, recovered from a dieoff of hawks in 2003 in California, failed to react with any of the known avian or mammalian strains. Preliminary data from sequence analysis of the 16s ribosomal DNA indicate the hawk isolates are in the C. psittaci species group and may be related to the M56 isolate (Andersen, unpublished data) . This strain has not been identified in any other avian species; however, the high death rate indicates that the hawk may not be its reservoir.
It is apparent from this and other studies that psittacine birds are the natural host for serovar A and that the pigeondove group is the natural host for serovar B. 6, 10 In the natural host species, the associated chlamydial serovar produces a long-term infection with periods of intermittent shedding. This would be beneficial for the survival of the chlamydial organism in nature because it provides a reservoir for reinfection of the original individual and spread of the chlamydia to other individuals. Continued isolation and serotyping are expected to identify natural hosts for the other serovars and to facilitate prevention and control of chlamydial diseases.
